ABSTRACT
INTRODUCTION
Crataegus monogyna subsp. monogyna Jacq. (Hawthorn) is very important for folk medicine, and some parts (such as flowers, flower buds, and leaf) are being been used to the treatment of some diseases including irritability, insomnia, migraines, confusion, and memory loss [1] [2] [3] [4] [5] . The unripe and ripe fruit juices of hawthorn were prepared in the traditional medicine and cosmetic applications. These juices are used to some skin applications, arthritis and muscle pains. Dried fruits also have diuretic properties [3, 5] . Hawthorn leaves, flowers and fruits are used for coronary vasodilatoric, cardiotonic, and hypotensive drug. The antioxidant property of medicinal plants can be attributed to the polyphenolic contents. Flavonoids are natural benzo-γ-pyran derivatives [6] . The hawthorn contains the aromatic amines, essential oils, phenolic acids, flavonoids (hyperin, quercetin, spirein, rutin, and apigenin), proanthocyanidins as bioactive compounds [7] . It also has anti-carcinogen properties. In recent years, hawthorn fruit concentrates are prepared and used as a food supplement in developed countries. Despite hawthorn has a large amount in nature in itself, its' values as fruit is not understood in Turkey [8] .
The aim of this study was to determine polyphenolic and flavonoid contents and to investigate in vitro antioxidant properties of aqueous and ethanol extracts of leaves, flowers, and ripened fruits of Crataegus monogyna subsp. monogyna.
Th e investigation of some bioactive compounds and antioxidant properties of hawthorn (Crataegus monogyna subsp. monogyna Jacq)
MATERIALS AND METHODS

Chemicals and Standards
All chemicals were used analytical reagent and these chemicals were obtained from Sigma-Aldrich.
Plant Materials and Extraction Procedures
Crataegus monogyna subsp. monogyna Jacq. (Hawthorn) leaves, flowers and ripened fruits were collected from Gaziantep in Turkey. Region characteristics are N 37° 09.415' and E0 37° 12.864'; altitude: 1090 m. All samples were dried in the dark at room temperature. For extraction (ethanol or water), 25 g powder of samples (leaves, flowers or fruits) were mixed with 100 mL solvent (water or ethanol). Extraction was continued until the extraction solvents became colorless. The obtained extracts were filtered, and the filtrate was collected, and then solvent was removed [9] . The dried extracts and standard antioxidants were dissolved in extraction solvents at μg/mL concentration.
Determination of Antioxidant Properties of Hawthorn Extracts
ABTS •+ radical scavenging capacity
The spectrophotometric analysis of ABTS •+ radical scavenging capacity was determined according to the method of Re et al. [10] . ABTS
•+ was produced by reacting 2 mM ABTS in H 2 O with 2.45 mM K 2 S 2 O 8 , and it was stored for 12 h at room temperature in the dark. The ABTS
•+ solution was diluted to give an absorbance of 0.750 ± 0.025 at 734 nm in 0.1 M sodium phosphate buffer (pH 7.4). Then, 1 mL of ABTS
•+ solution was added to 3 mL of hawthorn extracts at 100 μg/mL concentrations. The absorbance was recorded for 0.5 h at 734 nm. The extent of decolorization was calculated as a percentage reduction of absorbance.
DPPH
• radical scavenging capacity
The DPPH radical scavenging capacity was measured by using the method of Shimada et al. [11] . Briefly, 0.1 mM solution of DPPH • in ethanol was prepared, and 1 mL of this solution was added to 3 mL of hawthorn extracts solution at 100 μg/mL concentration. Absorbance at 517 nm was determined after 0.5 h against a blank solution containing the ethanol. Lower absorbance of the reaction mixture indicates the higher DPPH radical scavenging activity.
Superoxide Anion Scavenging Capacity
The measurements of superoxide anion scavenging capacity were based on the method described by Liu et al. [12] with slight modification. 1 mL of nitroblue tetrazolium (NBT) solution (156 mmol/L NBT in 100 mmol/L phosphate buffer, pH = 7.4), 1 mL NADH solution (468 mmol/L in 100 mmol/L phosphate buffer, pH = 7.4) and 100 μL of sample solution of hawthorn extracts were mixed. The reaction was started by adding 100 μL of phenazine methosulfate (PMS) solution (60 mmol/L PMS in 100 mmol/L phosphate buffer, pH = 7.4) to the mixture. The reaction mixture was incubated at 25°C for 5 min and the absorbance at 560 nm was measured. Decreased absorbance of the reaction mixture shows an increase in the superoxide anion scavenging capacity.
Measurement of Chelating Activity on Metal Ions
The chelating of ferrous was estimated by the method of Dinis et al. [13] . Briefly, extracts 100 μg/mL concentration was added to a solution of 2 mM FeCl 2 (0.05 mL). The reaction was started by the addition of 5 mM ferrozine (0.2 mL) and the mixture was shaken vigorously and then it was kept at room temperature for 10 min. Absorbance of the solution was measured at 562 nm.
Reducing Power Assay
The reducing power activities were determined by the method of Oyaizu [14] . Briefly, 100 μg/mL of hawthorn extract in 1 mL of distilled water were mixed with phosphate buffer (2.5 mL, 0.2 M, pH = 6.6) and potassium ferricyanide (2.5 mL, 1%). The mixture was incubated at 50°C for 20 min. Trichloroacetic acid (2.5 mL, 10%) were added to the mixture, and then centrifuged for 10 min at 1000 ×g. The upper layer of solution (2.5 mL) was mixed with distilled water (2.5 mL) and FeCl 3 (0.5 mL, 0.1%), and the absorbance was measured at 700 nm. Where A 0 is the absorbance of control, and A 1 is the absorbance of the sample in the presence of extracts or standards.
Determination of Polyphenolic Contents
Total polyphenolic contents of the extracts were determined with Folin-Ciocalteu reagent according to the method of Slinkard and Singleton [15] using pyrocatechol and quercetin as standard phenolic compounds. Briefly, 1 mL of the hawthorn extracts solution in a volumetric flask diluted with distilled water (46 mL). 1 mL of Folin-Ciocalteu reagent was added, and the content of the flask was mixed thoroughly. After 3 min, 3 mL of Na 2 CO 3 (2%) was added and then it was intermittent shaken for 2 h. The absorbance was measured at 760 nm. The total concentration of phenolic contents of the hawthorn extracts determined as milligram of pyrocatechol and quercetin equivalent by using an equation that was obtained from standard pyrocatechol and quercetin graph: 
Chromatographic Conditions for Flavonoid Analysis
Chromatographic analysis was carried out using PREVAIL C 18 reversed-phase (RP) column (150 × 4.6 mm × 5 μm) diameter particles. The mobile phase was methanol/water/acetonitrile (46/46/8, v/v/v) containing 1.0% acetic acid [16] . This phase was filtered through a 0.45 μm membrane filter (Millipore), then deaerated ultrasonically prior to use. Quercetin, rutin, apigenin, myricetin, naringenin and kaempferol were quantified by diode array detector following RP-high-performance liquid chromatography separation at 280 nm for quercetin and naringenin, 254 nm for rutin and myricetin, 306 nm for apigenin and 265 nm for kaempferol. Flow rate and injection volume were 1.05 mL/min and 10 μL, respectively. The chromatographic peaks of the analyses were confirmed by comparing their retention time and ultraviolet spectra with those of the reference standards. Quantification was carried out by the integration of the peak using the external standard method. All chromatographic operations were carried out at 25°C.
RESULTS AND DISCUSSION
In this study, the antioxidant activity of hawthorn extracts was compared to the standard antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tocopherol and trolox. The antioxidant activity of the extracts and standards were evaluated by a series of the following in vitro tests: ABTS •+ radical, DPPH free radical and superoxide anion radical scavenging, total reducing activity and metal chelating activity [ Table 1 ]. Furthermore, the flavonoid contents and phenolic compounds (as pyrocatechol and quercetin) of hawthorn extracts were determined and calculated.
ABTS •+ Radical Scavenging Capacity
In this study, hawthorn extracts showed in the range of 50.76-97.90% scavenging activity on ABTS radical. ABTS scavenging activities of hawthorn ethanolic flower, ethanolic leaf, aqueous leaf and aqueous flower extracts higher than standard antioxidants BHT and tocopherol. The scavenging effect of hawthorn extracts at the 100 μg/mL concentration on the ABTS •+ is sorted as follows: BHA > ethanolic flower extract > ethanolic leaf extract > aqueous leaf extract > aqueous flower extract > BHT > tocopherol > ethanolic fruit extract > aqueous fruit extract.
DPPH • Radical Scavenging Capacity
The scavenging activity of hawthorn extracts in the range of 23.63-67.57%. DPPH radical scavenging activities of all extracts lower than trolox and BHT: Trolox > BHT > ethanolic leaf extract > aqueous leaf extract > ethanolic flower extract > aqueous flower extract > ethanolic fruit extract > aqueous fruit extract at the 100 μg/mL concentration.
Superoxide Anion Scavenging Capacity
The scavenging activity of hawthorn extracts in the range of 86.33-98.00%. In comparison to BHA, the aqueous leaf and flower extracts have high superoxide radical scavenging activity. Inhibition of superoxide radical of all samples on the percentage by 100 μg/mL concentration is found to order as follows: Aqueous leaf extract > aqueous flower extract > BHA > ethanolic leaf extract > aqueous fruit extract > ethanolic fruit extract > ethanolic flower extract > BHT > tocopherol.
Metal Chelating Activity
The ferrous ion chelating of hawthorn extracts showed in the range of 23.52-57.17%. All extracts showed a low metal chelating activity in comparison to BHA, BHT and tocopherol. Effect of samples on the percentage chelating of ferrous by 100 μg/mL concentration in the decreased order: BHA > tocopherol > BHT > aqueous flower extract > aqueous fruit extract > aqueous leaf extract > ethanolic flower extract > ethanolic fruit extract > ethanolic leaf extract.
Reducing Power Assay
The reducing activity of the hawthorn extracts and standards was detected using the potassium ferricyanide reduction method. The total reducing capacities of all extracts lower than BHA, BHT and tocopherol as follows: BHA > BHT > tocopherol > aqueous fruit extract > ethanolic fruit extract > ethanolic flower extract > aqueous flower extract > ethanolic leaf extract > aqueous leaf extract.
Total Phenolic Contents
The equivalent of phenolics was determined, which belong to 70.58-106.24 mg quercetin/1 g of dried weight of extract and 17.86-25.04 mg pyrocatechol/1 g of dried weight of extract [ Table 2 ].
Flavonoid Contents
Flavonoid contents of hawthorn flower and leaf extracts were shown in Table 3 . Rutin, apigenin, quercetin, naringenin, myricetin, and kaempferol were determined in the extracts.
The antioxidant activities of hawthorn aqueous and ethanol extracts were evaluated by five in vitro chemical assays including, DPPH, ABTS and superoxide anion radical scavenging effects, reducing power, and metal chelating activity.
Froehlicher et al. [17] have studied that the antioxidant activities of fresh fruit, dried fruit, flowering tops and flowers of C. monogyna from France, and they determined that total phenol, proanthocyanidin, and flavonoid contents of these extracts. According to their results, hawthorn flower buds and flowering tops are the highest bioactive compounds, and fresh and dried fruit extracts showed lower antioxidant effect compared to other extracts. In our study, we determined that fruit extracts had lower antioxidant activity than flower and leaf extracts.
In the present study, it was observed that there is a correlation between antiradical activity and phenolic contents. The hawthorn aqueous leaves extract revealed the highest content in phenolics (106.24 mg quercetin/1 g, 25.04 mg pyrocatechol/1 g), and this extract showed the highest DPPH and ABTS radical scavenging activity compared to other hawthorn extracts.
Tadić et al. [18] have reported that flower buds, flowers and unripe fruits revealed a higher DPPH scavenging activity than the hawthorn berries from Serbia. In fact, flower buds, flowers and, mostly unripe fruits gave better results for DPPH radical scavenging effects and reducing power than the trolox. They investigated the amount of total phenolic compound, and reported it as 35.4 mg gallic acid/g. In our study, while total polyphenolic contents are higher than their results, DPPH radical scavenging and reducing power are lower than standard antioxidants.
Bernatoniene et al. [19] studied that DPPH radical scavenging activity of ethanolic and aqueous extracts of hawthorn fruits and individual substances, such as chlorogenic acid, hyperoside, rutin, quercetin, vitexin-O-rhamnoside, epicatechin, catechin, and procyanidins and they reported that fruit extracts lower free radical scavenging properties than a combination of these substances. Our results are in agreement with their study. Hawthorn aqueous and ethanolic fruit extracts showed lower free radical scavenging activity than other hawthorn extracts in the DPPH, ABTS and superoxide radical scavenging activity.
Barros et al. [5] investigated that the DPPH radical scavenging activity and reducing power of petroleum ether extracts of hawthorn flower buds, flowers, unripe fruits, ripened fruits and over ripened fruits, and they reported flower buds, flowers and unripe fruits were more effective than a standard antioxidant trolox. The present study was showed that flower aqueous and ethanol extracts are high antioxidant property than fruit extracts for DPPH and ABTS radical scavenging activities. The differences between our and their results may be originated from the solvent used for the preparing of extracts.
Egea et al. [20] determined that ABTS, OH radical and H 2 O 2 scavenging activity of hawthorn fruit extract. They reported that the extracts were showed 81.04% OH radical inhibition and 86.39% H 2 O 2 inhibition. In addition, these researchers showed that ABTS radical scavenging activity of hawthorn fruit extract was significantly lower than BHA. In their studies results are similar to our results. We determined that aqueous and ethanolic fruit extracts of hawthorn have lower activity than BHA and BHT for the ABTS radical scavenging test.
Keser et al. [21] studied that H 2 O 2 scavenging activity and inhibition of lipid peroxidation of hawthorn aqueous and ethanol extracts of leaf, flowers and ripened fruits. They showed that hawthorn extracts are high H 2 O 2 scavenging and inhibition of lipid peroxidation when compared to BHA and tocopherol.
CONCLUSION
In the present study, it was investigated that in vitro antioxidant properties of hawthorn aqueous and ethanol extracts based on DPPH, ABTS, superoxide radical scavenging, reducing power and metal chelating activity. In conclusion, the leaves water extract which had the highest total phenolic content as pyrocatcehol and quercetin equivalent, and leaves water and ethanol extracts showed high antiradical activity than aqueous and ethanolic fruit extracts in ABTS, superoxide and DPPH scavenging assays. It was observed that hawthorn fruit water and ethanol extracts showed the highest activity in reducing power and metal chelating activity assays. Additionally, aqueous flower extract showed higher total flavonoid content than leaves water extract.
